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ABSTRACT 

Longitudinal  and  lateral  characteristics  were  obtained  on 
four  models  of  lenticular  shape  at  Mach  numbers  2,  3,  4,  5,  and  6. 
The  effectiveness  of  longitudinal  and  lateral  concrol  surfaces  on  the 
lenticular-shaped  body  is  shown. 
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NOMENCLATURE 

Base  area,  2.  84  sq  in. 

Body 

Conevator 

Axial-force  coefficient,  CAt  “  CAb 
Base  axial-force  coefficient,  (p^j^  -  p|^)  A^^/qS 
Total  axial-force  coefficient,  total  axial  force/qS 
Drag  coefficient,  drag/qS 

Rolling- moment  coefficient,  rolling  moment /qSc 
Lift  coefficient,  lift/qS 

Pitching-moment  coefficient,  pitching  moment/qSc 
(see  Fig.  2  for  moment  reference  point) 

Normal-force  coefficient,  normal  force /qS 

Yawing-moment  coefficieiit,  yawing  moment /qSc 
(see  Fig.  2  for  moment  reference  point) 

Side-force  coefficient,  side  force /qS 

Model  diameter,  20.0  in.  (except  for  Model  B4  where 
c  =  19.137  in.) 

Deflection  of  forward  and  aft  pitchevators,  deg 

Mach  number 

Pitchevator 

Base  pressure,  psia 

Free-stream  stagnation  pressure,  psia 
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Pco 

q 

Re /in. 
S 

W 

a 

-A 

</> 

wl/^r 


Fi  ce-stream  static  pressure,  psia 

Free-stream  dynamic  pressure,  psia 
Unit  Reynolds  number 

Model  planform  area,  314.  16  sq  in.  (except  Model  B4  where 
S  =  288. 0  sq  in. ) 

Wedgevator 

Angle  of  attack,  deg 

Differential  deflection  angle  of  left  and  right  wedgevators  or 
conevators 

Angle  of  yaw,  deg 

Angle  of  roll,  deg 

Enclosed  angle  of  left  and  right  wedgevators  or  conevators 


4 


AEDC-TN. 60-51 


INTRODUCTION 


Tests  were  conducted  in  Tunnel  A  of  the  von  Karman  Gas  Dynamics 
Facility  (VKF),  Arnold  Engineering  Development  Center,  during  the 
periods  from  September  8  to  October  2  and  from  October  21  to  October  30, 
1959,  for  the  Pomona  Division  of  Convair  at  the  request  of  the  Air  Proving 
Ground  Center  (APGC),  Eglin  Air  Force  Base. 

The  tests  were  made  in  support  of  a  feasibility  study  by  Convair  of 
the  Pye  Wacket,  a  lenticular-shaped,  air-to-air  rocket.  Initial  investi¬ 
gations  of  the  lenticular- shaped  body  by  APGC  were  conducted  in 
Tunnel  E-1  of  the  VKF  and  are  reported  in  Refs.  1,  2,  and  3. 

The  primary  test  objective  was  to  measure  the  drag  and  stability 
characteristics  of  four  lenticular  configurations  at  Mach  numbers  from 
2  to  6  and  to  determine  ^he  effectiveness  of  various  devices  for  pitch, 
yaw,  and  roll  control  of  the  lenticular -shaped  body. 


APPARATUS 


WIND  TUNNEL 


Tunnel  A  (Fig.  1)  is  a  40  by  40  inch,  continuous,  closed  circuit, 
variable-density,  supersonic  wind  tunnel  with  a  Mach  number  range  from 
1.5  to  6.  The  top  and  bottom  walls  of  the  nozzle  are  flexible  plates  which 
are  automatically  positioned  at  the  desired  contours  by  electrically 
driven  screw-jacks.  The  tunnel  is  driven  by  a  100,000  horsepower  com¬ 
pressor  system  which  provides  maximum  tunnel  stagnation  pressures  of 
2  to  13.5  atmospheres  at  M  =  1.5  and  M  =  6,  respectively.  Minimum 
operating  pressures  are  less  than  one-tenth  of  the  maximum.  A  complete 
description  of  the  tunnel  may  be  found  in  Ref.  4. 


MODELS 


The  models,  which  were  furnished  by  Convair,  were  fabricated  of 
aluminum.  Three  basic  body  configurations  (Bi,  B2,  and  B3)  with  circular 
planforms  20  inches  in  diameter  were  fabricated  (Fig.  2).  Configu¬ 
ration  B4  was  constructed  from  the  Bj  body  by  blunting  the  leading  edge. 
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Each  body  was  provided  with  pitchevators  for  pitch  control,  lo.cated 
as  shown  in  Fig.  2.  Pitchevators  of  three  different  planforrns  and  three 
different  deflection  angles  were  tested  (see  Fig.  3).  Wedges  and  cones 
for  lateral  control  were  tested  on  Model  B3  (see  Fig.  2).  For  yaw  control 
the  included  angle  of  one  wedge  was  of  larger  magnitude  than  the  other 
to  produce  differential  drag.  Both  the  wedges  and  cones  were  differen¬ 
tially  deflected  for  roll  control  (see  Fig.  3,  which  includes  a  sketch  of 
a  typical  model-balance  installation).  Installation  photographs  of 
models  and  B3  are  given  in  Fig.  4. 


INSTRUMENTATION 


An  internal,  six-component,  1.  5-in.  -diam.  ,  strain-gage  balance 
fabricated  by  Task  Corporation  and  furnished  by  Convair  was  calibrated 
at  VKF.  The  gage  signals  from  the  balance  were  measured  with  400-cps, 
null-balance,  servo-potentiometers  equipped  with  electrical  digitizers 
which  transmitted  the  signals  to  an  ERA  1102  computer. 

Absolute  base  pressure  was  measured  with  a  differential  pressure 
transducer  which  had  essentially  a  vacuum  for  a  reference  pressure. 

The  transducer  output  was  measured  with  a  d-c  millivolt  digitized 
recorder,  which  also  served  as  the  input  to  the  computer. 

Other  data  items,  such  as  angle  of  attack  and  stagnation  temperature 
and  pressure,  were  measured,  digitized,  and  automatically  recorded. 


PROCEDURE 


Force  and  moment  data  at  angles  of  attack  from  -5  to  +15  deg  were 
obtained  for  the  configurations  listed  in  Table  1.  This  table  a^so  lists 
the  Mach  numbers  and  roll  angles  at  which  data  was  measured  for  each 
configuration.  The  test  conditions  at  each  Mach  number  are  listed  in 
the  table  on  the  following  page. 
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M 

Pq,  psia 

To> 

Re/in.  x  lO' 

2 

8 

550 

0.  17 

12 

0.  25^‘ 

15 

0.  31 

3 

20 

560 

0.  25 

29 

0.  36={' 

32 

0.39 

4 

27 

585 

0.  19 

47 

0.  31 

68 

0.  45* 

5 

60 

640 

0.  23 

105 

0.  36 

150 

0.45* 

6 

60 

740 

0.  11 

100 

0.  19 

180 

0.  35* 

^■‘Test  Reynolds  number  (Additional  tes*^^s  were  made  at  other 
Re/in.  values  for  models  without  control  surfaces.) 

For  all  coefficients  the  model  planform  area  and  diameter  were  used 
for  the  reference  area  and  length,  respectively.  Moment  coefficients 
v/ere  taken  about  the  body  mid-chord  point  (see  Fig.  2),  and  the  angles  of 
attack  were  corrected  for  deflections  of  the  sting  support  caused  by  air 
loads  on  the  model.  Axial  force  was  corrected  for  the  base  axial  force 
on  the  balance  cavity. 


PRECISION  OF  DATA 


From  the  tunnel  airflow  calibration  data  and  the  known  precision  of 
pressure  measuring  instrumentation,  the  estimated  uncertainties  in  the 
flow  parameters  are  as  follows: 


Calib.*  M 

Pn>  psia 

q,  psia 

2 

2.00  t  0.01 

+  0.03 

to. 02 

3 

3.00  +  0.01 

±0.06 

±0.04 

4 

4.03  ±  0.01 

±0.  15 

±0.05 

5 

5.09  1  0.02 

±0.  30 

±0.08 

6 

6.01  +  0.02 

to. 30 

±0.04 

*  Mach  number  used  in  data  reduction 


7 


AEDC.TN-60.5  1 


Estimated  uncertainties  in  the  coefficients  were  determined  from  the 
balance  calibration  data  and  free-stream  dynamic  pressure  q  and  are 
given  here  for  Mach  numbers  5  and  6.  The  values  at  Mach  5  are  typical 
for  the  lower  Mach  numbers  also. 

—  Cp  Cy  Cn  Cj 

5  t3.  X  10“^  +0.7x10"^  +0.  24x:10"'^  +2.6x10“^  +0.38x10"^  tO.OTxlO"^ 

6  +5.  X  10'2  +1.1x10"^  10.39x10“^  +4.2x10"^  +0.46x10"^  lO.llxlO"^ 

The  sector  positioning  of  the  angle  of  attack  was  accurate  to  within 
+0.  1  deg. 


RESULTS 


The  longitudinal  characteristics  of  the  basic  models  at  Mach  5, 
compared  in  Fig.  5,  show  that  models  B2  and  B3,  which  had  their  point 
of  maximum  thickness  at  the  trailing  edge,  were  less  unstable  and  had 
lower  minimum  drag  than  the  symmetrical  body  shape  The  increase 
in  drag  and  decrease  in  instability  which  resulted  from  blunting  the  edge 
radius  of  the  symmetrical  body  (Model  B4)  is  also  apparent.  These 
trends  were  similar  at  the  other  Mach  numbers,  as  is  shown  in  Fig.  6, 
which  presents  the  variation  of  several  basic  aerodynamic  parameters 
with  Mach  number.  The  variation  with  Reynolds  number  of  these  param¬ 
eters  was  negligible. 

A  significant  amount  of  pitch  control  was  obtained  by  the  pitchevators 
as  shown  in  the  data  presented  for  models  B^  and  B3  at  Mach  5  (Fig.  7). 

A  comparison  of  models  Bj  and  B3  with  pitchevators  is  given  in  Fig.  7a. 
These  data  illustrate  the  greater  potential  for  trim  of  model  B3,  and  the 
figure  shows  that  model  B3  with  a  15-deg  deflection  on  the  aft  pitchevator 
trims  out  at  the  same  lift  coefficient  as  Model  Bj  with  20-deg  deflections 
on  both  pitchevators.  The  decrease  in  effectiveness  of  the  forward 
pitchevator  at  angle  of  attack  caused  by  the  shielding  effect  of  the  body 
can  be  seen  in  the  data  presented  in  Fig.  7b.  This  figure  shows  the 
variation  of  pitchevator  effectiveness  with  deflection  angle  and  includes 
data  for  forward  and  aft  pitchevators  alone.  The  effectiveness  of  pitch- 
evators  P^,  P2,  and  P3  are  compared  in  Fig.  7c,  and  these  data  show 
that  extending  the  pitchevator  chord  (P3)  was  more  effective  than  extending 
the  span  (P2).  Also  shown  in  Fig.  7  is  the  stabilizing  effect  of  the  lateral 
control  surfaces  (wedgevators  and  conevators)  on  the  basic  model  B3 
(Fig.  7d). 
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Similar  trends  were  obtained  at  the  other  test  Mach  numbers,  as  Is 
shown  in  Fig.  8a  for  the  relative  effectiveness  of  pitchevators  P2* 
and  P3.  The  drag  increase  caused  by  the  pitchevators  is  also  given  in 
this  figure  (Fig.  8b),  showing  that  the  more  effective  pitchevator  P3 
(extended  chord)  gave  about  the  same  minimum  drag  as  pitchevator  P2 
(extended  span). 

Lateral  controls  were  tested  on  basic  model  B3  only,  and  a  plot  of 
typical  data  at  Mach  5  is  presented  in  Fig.  9.  These  data  (Fig.  9a)  show 
the  amount  of  directional  control  obtained  by  the  wedgevators  and  the  ‘ 
lateral  stability  characteristics  of  the  model  with  conevators.  Effective 
roll  control  was  provided  by  both  these  devices  (Fig.  9b). 

Typical  schlieren  photographs  (Fig.  10)  show  the  flow  patterns  over 
the  models  with  fore  and  aft  pitchevator  deflections.  The  forward  pitch¬ 
evators  are  masked  by  the  test-section  window  frame,  but  the  wake 
pattern  over  the  top  surface  of  the  model  is  clearly  evident  as  are  the 
flow  separations  ahead  of  the  aft  pitchevators.  Several  pictures  of  the 
model  with  lateral  controls  are  also  shown. 


CONCLUSIONS 

Results  of  the  force  tests  of  these  lenticular  configurations  at  super¬ 
sonic  speeds  show  that: 

1.  Optimum  performance  v/as  obtained  on  Model  B3;  however, 
all  the  models  were  longitudinally  unstable. 

2.  The  methods  used  for  longitudinal  and  lateral  control  were 
effective. 
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Fig.  10  Typical  Schlieren  Photographs 
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